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Social contexta b s t r a c t
Academic scientific literature abounds with critique of natural resource managers for not utilising scien-
tific evidence when making decisions in their day-to-day operations. Little regard is given by the critics to
the practical constraints on the use of research findings, as experienced by managers in their work envi-
ronments. To explore these issues, we conducted a case study of the Working for Water (WfW) program,
a government-funded invasive alien plant (IAP) management program that has been operational in South
Africa for nearly two decades. We investigated the extent to which decision makers in WfW use scientific
evidence to inform their decisions pertaining to the clearing of IAPs and also identified opportunities for,
and constraints to, evidence-based practice. Our results indicate that the use of scientific evidence is lim-
ited by the fact that the management of natural resources involves much more than science. The social
context within which decisions are made, which includes organizational structure, priorities and capac-
ity, plays an important part in the extent to which science informs practice. On the basis of our findings,
we highlight the importance of generating evidence in practice through an iterative process of implemen-
tation, monitoring, learning and reflection, and subsequent feedback into the planning of restoration
projects.
 2015 Elsevier Ltd. All rights reserved.1. Introduction
Despite widespread acknowledgement that conservation
actions are best guided by evidence of the effectiveness of past
interventions (Sutherland et al., 2004; Ferraro and Pattanayak,
2006; Pullin and Stewart, 2006; Roberts et al., 2006; Pullin and
Knight, 2009), conservation decisions continue to be based on
anecdote and practical experience (Pullin et al., 2004; Mathevet
and Mauchamp, 2005; Cabin et al., 2010; Cook et al., 2010). This
has been attributed to several factors, including lack of, or limited
access to, scientific evidence (Roberts et al., 2006; Gibbons et al.,
2008). Mathevet and Mauchamp (2005) propose that scientific evi-
dence has a minor role to play in the human processes involved in
conservation action. Indeed, if we concur that conservation action
takes place in a socioecological context, it is inevitable that social
issues play a paramount role in how decisions are made. In simple
terms, conservation is less about science and more about people
and the choices they make (Balmford and Cowling, 2006).The socio-economic and political context, as well as the organi-
zational or institutional confines within which decision makers
operate, would arguably influence the extent to which decisions
are based on science (if at all). For example, it has been noted that
deficiencies in institutional effectiveness and organizational capac-
ity are major constraints on the implementation of conservation
action (Cowling et al., 2008; Sitas et al., 2013). Indeed, organiza-
tional systems and processes have been identified as one of 12 the-
matic areas of importance to the conservation of global
biodiversity (Sutherland et al., 2009). Thus, a fuller understanding
of the management of natural resources requires that we pay
attention to such social aspects. In their critique of the term ‘‘evi-
dence-based conservation’’, Adams and Sandbrook (2013) call for
a move away from the ingrained bias towards quantitative data
on the grounds that it is believed to be more rigorous, testable
and hence reliable. Instead, they encourage a more informed
understanding of how policy-making works, one that recognises
that ‘‘scientific evidence’’ is one source of information among
many, including local knowledge and qualitative data, for deci-
sion-makers.
Understanding the social aspects of decision and policy-making
processes requires a new type of conservation science – one that
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scientists (e.g. Knight et al., 2008) towards an engagement with
key actors in the decision-making context, i.e. the implementers
and managers (Wilhelm-Rechmann and Cowling, 2011). This
should be paired with rigorous and replicable methods to explore
and measure the use of science in decisions and policy. To this
end, we developed and conducted an assessment of a large and
well-established invasive alien plant (IAP) management program
that has been operational in South Africa for nearly two decades
(van Wilgen et al., 2012). The Working for Water (WfW) program
was specifically chosen as a case study because of its relatively
long history, which we anticipated would provide an understand-
ing of how decision-making processes within the program have
changed over time, and the role, if any, of science in that change.
WfW was established in 1995 with the primary aim of clearing
IAPs in order to increase water supply, while providing employ-
ment to marginalized sectors of South African society. From an ini-
tial budget of R25 million (approx. 2.17 million USD at the current
exchange rate) in 1995, the program grew to a budget of R1.28 bil-
lion (approx. 111 million USD) in the 2013/14 financial year (WfW
historical expenditure, http://sites.google.com/site/wfwplanning).
The size of the budget alone raises the question, ‘‘is the money
being spent effectively’’? Notably, it has been stated that current
rates of, and approaches to, clearing are not sufficient to bring
the problem of IAPs in South Africa under control (Marais et al.,
2004; van Wilgen et al., 2012). This, then, led us to question
whether management decisions are based on the best available
evidence of effectiveness of clearing approaches.
The overall aim of the study was to explore the use of scientific
evidence in decision making in the WfW program using a case
study approach. First, we identified historical events that could
have influenced the integration of scientific information into the
WfW program. We also investigated the manner in which scientific
information becomes absorbed into the program by considering
the sources of information and partners involved in the exchange
of information. Moreover, we sought to determine the extent to
which scientific information has been used in the past, and contin-
ues to be used, as a basis for decision making, by asking the prac-
titioners and analysing the sources of information used.2. Material and methods
2.1. Approach
We used the case study design approach, a research design tra-
ditionally associated with the social sciences. Yin (2009) defines a
case study as an empirical inquiry that investigates a phenomenon
in depth and within its real-life context. As such, the main distin-
guishing feature of case study research is that it seeks to contextu-
alise, rather than generalise (Babbie and Mouton, 2001). Because of
this focus on context, the case study approach is especially recom-
mended when research questions seek to explain ‘‘how’’ or ‘‘why’’
some social phenomenon operates (Yin, 2009). In this instance we
sought to investigate the use of scientific evidence in the manage-
ment of IAPs by establishing which events or circumstances may
have influenced the use of scientific evidence in the WfW program
(i.e. ‘‘why’’ is science used [or not] in the program), and ‘‘how’’ sci-
entific evidence is used. Another distinguishing attribute of case
study research is that it uses multiple sources of evidence and it
is critical that there is sufficient access to potential data sources
(Yin, 2009). The rationale for using multiple sources of evidence
is based on the ideas of replication and convergence, which in turn,
increase the reliability of findings (Babbie and Mouton, 2001). To
fulfil this requirement, we analysed both interview data and exist-
ing documents in our study.2.2. Management structure review
In any case study of a large program such as WfW, identifying
potential respondents is a critical and often challenging task. While
WfW is a national program, decisions are made at various levels,
including regional or provincial and project levels. As a starting
point, we contacted regional offices to obtain contact details of
program leaders, implementation managers, area managers and
project managers. Regional program leaders (RPLs) are the most
senior managers at the regional level, with several area managers
and project managers reporting to them. RPLs were identified as
key actors in decision-making processes, and were thus chosen
as initial respondents.
2.3. Manager interviews
Having obtained the necessary ethical clearance from the rele-
vant authority, we conducted pilot interviews with six respondents
from the national and regional offices in order to refine the final
interview schedule (Appendix A: Supplementary material), where-
after collection of interview data could commence. At the time of
the study there were seven RPLs, five of whom were willing to par-
ticipate in the study. We conducted semi-structured interviews by
telephone, in English, with these five RPLs (who were all suffi-
ciently competent in English). This initial sampling approach was
supplemented with snowball sampling, by requesting the RPLs to
recommend other potential respondents who could provide valu-
able input, from among their respective area, project managers
and data managers. After 21 interviews, data saturation had been
reached (i.e. no new information was forthcoming), and it was
decided to cease interviewing. The interviews were transcribed
and converted to Microsoft Word documents for analysis.
2.4. Document acquisition
Policy documents such as program guidelines, strategy
documents and operating documents that were referred to by
respondents were obtained from the following organizational
websites: http://www.environment.gov.za/workingforwater/
resources/index.htm and http://sites.google.com/site/wfwplanning.
Any other documents which were mentioned by respondents as
having had an influence on the program’s operations, without
necessarily being adopted as policy documents (e.g. an article on
the extent of invasion, emanating from the Southern African Plant
Invader Atlas [SAPIA] project; and prioritization reports recently
produced by the Council for Scientific and Industrial Research
[CSIR]) were also obtained, either from the program’s websites or
via internet searches.
2.5. Data analysis
Both the interview transcripts and documents were analysed
using computer-assisted qualitative data analysis software (CAQ-
DAS), namely ATLAS.ti (Version 7.0, Scientific Software Develop-
ment, Berlin), which allows the retrieval of relevant segments
of text from large amounts of unstructured textual data through
a process called coding (Smit, 2005). Coding is a major step in
qualitative data analysis and involves careful reading of textual
data, searching for relevant segments and labelling those seg-
ments with descriptive or summative words or category names
(codes) that express some essential quality (Charmaz, 2006;
Saldana, 2009). Below, the coding process we followed is
elucidated.
Two constructs were chosen for analysis, i.e. ‘‘key historical
events’’ (that could have influenced the extent to which science
is used in the WfW program) and ‘‘decision making’’ (any other
Fig. 1. A schematic representation of the coding process followed for the decision-making construct. The construct was divided into the dimensions ‘‘basis’’ and ‘‘input’’,
which were further divided into variables and their attributes, to which we assigned codes. Partner acronyms: CIB = Centre for Invasion Biology; CSIR = Council for Scientific
and Industrial Research; NTAC = National Technical Advisory Committee; ARC-PPRI = Agricultural Research Council – Plant Protection Research Institute; SAEON = South
African Environmental Observation Network; SANBI = South African National Biodiversity Institute; WRC = Water Research Commission.
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decisions are made in the program). We used single-level coding
for the former, splitting it into the variables ‘‘date of event’’ and
‘‘name of event’’. Because the intention was to create a timeline,
no further, higher-order grouping into code families or super-fam-
ilies was done. The second construct (decision making) required a
more complicated coding process, the schematic representation of
which is depicted in Fig. 1. We first split the construct into the
dimensions ‘‘basis’’ (i.e. what determines how decisions are made
regarding what, where and how to clear IAPs) and ‘‘scientific input’’
(i.e. the type of scientific input and the manner in which it gets
incorporated into the programme, including scientific partners
involved in the exchange of scientific information).
It became apparent during the coding process that the bases for
decisions have changed during the life of the program. The basis
dimension was thus further coded on a time variable as either
(a) historical (i.e. those bases that were applied in the past) or
(b) current (i.e. those bases used in the present day). Each time cat-
egory consisted of the variables ‘‘what’’, ‘‘where’’ and ‘‘how’’, each
of which were comprised of two or more of the following attri-
butes: (i) intuition (which encompassed common sense, conve-
nience, experience, trial and error, or any subjective motivation);
(ii) expert opinion (when respondents referred explicitly to
consultations with scientists or experts); (iii) literature (scientific
literature not officially adopted as guiding documents in the
program); (iv) policy (encompassing literature, legislation or any
guiding document officially adopted for use in the program); and
(v) social goals (which referred specifically to the program’s
mandate of employment creation). In summary, the questions we
sought to answer through this coding exercise were ‘‘in the past,
what was the basis for decisions on what, how and where to
clear?’’ (i.e. the historical basis) and ‘‘what is the current basis
for decisions?’’
The second dimension of the decision-making construct, ‘‘scien-
tific input’’, was divided into (a) type; (b) organizational level at
which it was provided (e.g. head office or regional office); as well
as (c) partners involved. Three types of scientific input emergedduring the coding, viz: (i) formal collaboration (encompassing for-
mal partnerships and research funded by the program); (ii) litera-
ture (explicit reference to documented scientific information,
whether solicited or not); and (iii) expert knowledge (meetings
and consultation with experts, but not necessarily based on official
agreements).
We carefully read and re-read the interview transcripts and
documents, assigning the codes described above to all relevant
text. Semi-structured interviews give respondents room to express
their views and elaborate on their answers, sometimes emphasis-
ing points they feel strongly about. That is, respondents had multi-
ple opportunities to comment on their use of science. As such, the
resulting rich text from a single interview could contain several
phrases relating to a single code. For example, in response to the
question ‘‘How is it decided how clearing should be done?’’ a
respondent could mention that s/he consults with experts and uses
their input to inform the decision. The same respondent could
again mention these consultations when asked ‘‘Does WfW consult
with scientists in planning and conducting its work?’’ Both
answers would then be coded as ‘‘expert knowledge’’. At the end
of the coding process codes were tallied and used to generate
tables and code networks.3. Results
3.1. Information sources
In total, we interviewed 21 managers from the WfW program.
Of these, 18 were from the regional offices, and included five regio-
nal program leaders, seven area managers, four project managers
and two data managers. The remaining three were senior manag-
ers (assistant director and deputy director levels) from the pro-
gram’s head office. The length of time the respondents had been
involved in the program ranged from three to 15 years, with the
majority (15) having been with the program for five years or more.
Of these, eight had 10 or more years of experience in the program.
Table 1
List of WfW policy documents analysed and the sources of information used in their compilation. The year in which each document was written is provided in parentheses.
Documents that make specific reference to scientific literature are marked with an asterisk. Document marked with ‘‘#’’ was previously known as the ‘‘Self-assessment
standards’’. Acronyms: AMP = Area Management Plan; DWAF = Department of Water Affairs and Forestry; MUCP = Management Unit Clearing Plan; RSP = Regional Strategic Plan.
Document name Purpose of document Source(s) of information
Mapping standards
(2003)
Sets out the standards for the collection and capture of data




Detailed instructions on how to use the different mechanical
and chemical treatment methods
Experience; expert input; field observation
⁄Herbicide policy
(2004)
Provides guidelines on the selection of appropriate methods
of control
NDA’s ‘‘A guide to the use of herbicides’’; product labels and information




Outlines the need, and a strategy and action plan, for the





Sets out the standards according to which projects must be
implemented and against which their performance must be
measured
National mapping standards; Planning guidelines; Herbicide policy; WIMS




Document that sets out a strategy to achieve the program’s
goals
The National Biodiversity Strategy and Action Plan (NBSAP); the then DWAF’s




Specifies how planning documents (RSPs, AMPs and MUCPs)
should be drawn up
Vegetation maps; stakeholder consultation; WIMS
Fig. 2. Timeline of events resulting from, or with a potential bearing on, the use of scientific information in WfW. C.I.B = Centre for Invasion Biology; SAPIA = Southern African
Plant Invader Atlas; M&E = monitoring and evaluation; EDRR = Early Detection and Rapid Response; SANBI = South African National Biodiversity Institute.
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sion making is largely governed by program guidelines, strategy
documents and operating documents (hereafter referred to as pol-
icy documents). A list of these is shown in Table 1, together with
short descriptions of the documents and sources of information
used in their compilation.
3.2. Key historical events
Events that could have influenced the extent to which science is
used in the WfW program are depicted in a timeline (Fig. 2). When
the program was launched in 1995, no comprehensive, up-to-date
information was available on the extent of alien-plant invasion in
the country. This information became available in 1998, with the
completion of the SAPIA project, as well as another mapping exer-
cise by Versfeld et al. (1998). In 2006 WfW formally partnered with
SAPIA, providing it with the necessary funds to sustain the map-
ping project (Henderson, 2007). Two other strategic partnerships
have been formed since the inception of the program, viz: (i) the
Biocontrol Consortium in 2002 between WfW, the Plant Protection
Research Institute of the national Agricultural Research Council
and several South African universities; and (ii) the Early Detection
and Rapid Response (EDRR) partnership with the South African
National Biodiversity Institute (SANBI) in 2010. The former
resulted in the allocation of funds by WfW, as early as 2003,
towards the biological control of emerging weeds, while thesecond partnership has ensured that EDRR becomes a normal part
of operations, with fieldworkers being regularly trained in the
identification of current and potential invaders.
WfW underwent its first external review in 1997, after having
been in operation for merely two years. The program was criticised
for lacking a national strategy to guide its operations – a shortcom-
ing that was viewed as a likely threat to its effectiveness (WfW,
1997). This deficiency was addressed with the introduction of a
three-year strategic plan in 2001 (WfW 2011–4 Strategic Plan),
outlining the five strategic objectives of the program (i.e. enhanced
water security and aquatic ecological integrity; enhanced ecologi-
cal integrity and biodiversity; restored productive potential of the
land; reduced potential for hazardous fires; and social develop-
ment through poverty alleviation, empowering of individuals,
and community building). Another weakness that was identified
in the external review concerned the absence of a dedicated
research program to address priority research issues. In response,
funds were allocated towards research, resulting in an inaugural
research symposium in August 2003, where the results of that
research were presented. Funding of research is now an integral
part of the program, with plans to increase said investment to 5%
of the total budget. Furthermore, the program now boasts a
detailed research strategy and action plan that was adopted in
2005, which makes specific allowance for the establishment of a
research advisory panel comprised of experts in the field of IAP
management. The number of research papers published through
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of the research initiative. At least two special issues have been pub-
lished (Issue 100 of the South African Journal of Science in 2004,
and issue 74 of the South African Journal of Botany in 2008).Table 2
Bases for historical and current decision making in the WfW program as identified durin
WA = what; WE = where; H = how; Intuition⁄ = common sense, convenience, experience, tr
strategic plans formally adopted in the program; Social goal$ = explicit reference to the so
Code
(description)
Basis Example of quotation
HDWA (Decisions on what to clear historically based on...)
Intuition⁄ ‘‘It was just: you see a tree, you know, you cut – as long as it’s an al
Expert
opinion
‘‘That was also just a process of consultation with the experts’’.
Literature ‘‘There’s been a long history of studies actually documenting invasiv
Policy# ‘‘I think initially when the program started, they were just only dealin
Act’’.
HDWE (Decisions on where to clear historically based on...)
Intuition⁄ ‘‘At first it was very ad hoc, you know, when it started out we would st
sort of cooperation from private landowners’’.
Social goal$ ‘‘[...] also looking at where we’ve got most poverty in the province’’.
HDH (Decisions on how to clear historically based on...)
Intuition⁄ ‘‘The program, a year after it began, I started as a project manager a
norms and standards and all these things over the years’’.
Policy# ‘‘When the program was initiated most of the norms came over from
CDWA (Decisions on what to clear currently based on...)
Intuition⁄ ‘‘Basically there is no strategy for that [. . .] as long as the area has b
Policy# ‘‘We’ve got a legislation which is called CARA’’.
CDWE (Decisions on where to clear currently based on...)
Intuition⁄ ‘‘So one would also favour such areas where landowners would say, O
the area and the landowner, him or herself, would do the other 50%
Policy# ‘‘We’ve got priority areas which are planned by our national office’’.
Social goals$ ‘‘For instance, I’ve worked in a community where there is not necess
community and I recruit the workers from the community’’.
CDH (Decisions on how to clear currently based on...)
Intuition⁄ ‘‘But we are a region, we have to decide which one works better for
Policy# ‘‘The WIMS system would give you the methods, you know, deriving
Fig. 3. Code networks depicting (a) type of scientific input (to the left); level at which it
identified by respondents and in documents. The numbers in braces refer to the numb
CIB = Centre for Invasion Biology; CSIR = Council for Scientific and Industrial Research;
Council’s Plant Protection Research Institute; SANBI = South African National Biod
WRC = Water Research Commission.Another highlight in terms of research collaboration was the estab-
lishment, in 2004, of the DST/NRF Centre of Excellence for Invasion
Biology (CIB), whose hub is located at Stellenbosch University.
The CIB has maintained a close partnership with WfW since itsg the coding of interview transcripts. HD = historical decision; CD = current decision;
ial and error; Policy# = guidelines, historical work, manuals, legislation, standards and






e species that they find around the country’’. 1
g [with] or using the Conservation of Agricultural Resources 1
art projects where we had the best opportunity and the best 9
1
nd those days it was trial and error and we had to draw up 5
the forestry industry’’. 3
een infested by alien species of any kind’’. 5
11
K, Working for Water comes in and they do let’s say 50% of
. So we look also at landowner contribution’’.
9
38
arily so many blue gum trees, but the community is a poor 11
us’’. 1
it from the type of plant and the size, etc.’’ 62
is located within the program (to the right) and (b) science partners of the program
er of quotations linked to each code. SIL = scientific input level. Partner acronyms:
NTAC = National Technical Advisory Committee; ARC-PPRI = Agricultural Research
iversity Institute; SAEON = South African Environmental Observation Network;
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base (see http://academic.sun.ac.za/cib/research.asp).
Based on a second external evaluation in 2003, the program was
again criticised for its poor strategy, which neglected to make pro-
vision for the monitoring and evaluation of ecological impacts and
to prioritize areas and species to target in order to maximise effec-
tiveness (Common Ground, 2003). These issues were addressed
between 2008 and 2011 in reports prepared for WfW by the CSIR.3.3. Basis for and input into decisions
Respondents who had been involved in the WfW program for
many years were able to provide valuable insight on how decisions
were made in the past. What emerged from interviews is that his-
torically, intuition was a common determinant of what, where and
how to clear, thus emerging as a particularly strong factor in the
location of clearing projects (Table 2). Other factors used to guide
decisions were expert opinion, literature, policy, and social goals.
This state of affairs is changing, however, with policy currently
the most important determining factor in all three aspects of clear-
ing decisions. Intuition and social goals (e.g. job creation) now play
a secondary role in decision making on what and where to clear.
Analysis of the interview transcripts identified formal collabo-
ration with science partners as the most common source of scien-
tific input, followed by literature and expert opinion (Fig. 3a). This
emerged from respondents’ answers to general questions about
decision making, as well as explicit questions about sources of sci-
entific information used (see the interview protocol for the list of
questions). An examination of the scale at which scientific engage-
ment occurred, showed that it took place primarily at the head-
quarters of the program (Fig. 3a). A variety of science partners
was named (Fig. 3b).
A review of the policy documents, on the other hand, revealed
limited explicit reference to scientific literature, with only three
of the seven documents analysed making specific reference to sci-
entific literature (Table 1). While the remaining policy documents
lacked such reference, scientific input into their formulation is
implicit. For example, the WfW norms and Water Information
Management System (WIMS) standards, which are referenced in
some of the reviewed documents, are updated regularly as a result
of field observations that are conducted in-house, and on the basis
of new information that is acquired via various means (e.g. work-
shops with experts, scientific literature, etc.). Thirdly, we infer indi-
rect scientific input from secondary literature such as external
national strategy documents (e.g. the National Biodiversity Strat-
egy and Action Plan and the National Water Resource Strategy)
and relevant legislation from parent government departments.
These were cited as sources of information and are based, at least
in part, on scientific input.1 Dr. C Marais is Chief Director: Natural Resource Management (NRM) Programmes,
Department of Environmental Affairs.4. Discussion
4.1. Science informing policy
The WfW program was born of a science-based realisation that,
if left uncontrolled, IAPs would have significant negative conse-
quences for South Africa’s water resources (van Wilgen et al.,
2002; Marais and Wannenburgh, 2008). The dynamic nature of
invasion processes poses a particular challenge: the situation is
constantly changing, both in terms of area and invading species,
as new invasions occur. It is thus paramount to regularly quantify
the extent of invasions in order to set realistic management goals
and monitor progress towards their achievement. The partnership
between WfW and the SAPIA project is of strategic importance as itis meant to promote access to information on the extent of
invasion.
Three successive steps – prevention, eradication and control –
form the cornerstones of recommended best practice for managing
IAS, with prevention widely promoted as the most desirable strat-
egy (Hulme, 2006). Initiatives such as the EDRR bear testimony to
the program’s continued reliance on science to optimise its preven-
tion strategy. Tackling already established invaders, on the other
hand, is proving a major challenge to the program, as evidenced
by the increasing negative impacts of IAPs (van Wilgen et al.,
2012).
In order to increase the effectiveness of the program in dealing
with established invaders, it is necessary to pay attention not only
to ‘‘how’’ clearing operations are carried out, but also to the ques-
tions of ‘‘where’’ and ‘‘what’’ to clear. The program places much
emphasis on clearing operations and seeks to improve them by
adopting an adaptive management approach. Indeed, our results
show that the question of how to clear is the one aspect of the pro-
gram where decisions are most informed by policy which, in turn,
is informed by science. It is particularly interesting to observe the
program’s drive towards increasing effectiveness through the roll-
out of biological control. Despite concerns in some quarters that
effective biological control could replace the need for labour-inten-
sive clearing, and thus undermine the job-creation imperative of
the program (van Wilgen et al., 2012), investment in biological
control more than doubled, from 1% of the total annual budget in
the 2009/10 financial year (van Wilgen and De Lange, 2011), to
2.8% in the 2012/13 financial year (C. Marais1, pers. comm.).
While the basis for decisions on what and where to clear has
historically been intuition, political expediency and/or logistical
convenience (WfW, 1997; Common Ground, 2003), currently a sci-
entifically developed strategy that takes cognizance of priority
areas and species (van Wilgen et al., 2008; Forsyth et al., 2011) is
being widely adopted. It is thus apparent that science has had an
influence on the WfW program and the formulation of an appropri-
ate control strategy, which is essential to increase effectiveness. As
the results show, the use of program reviews has helped to high-
light weaknesses and resulted in the allocation of funds towards
research to fill the gaps identified.
However, another finding that has emerged from this study is
that scientific input and/or collaboration tends to be a relatively
high-level concern, dealt with primarily by few people (five at
the time of the study) at the national office, where policy is made.
Thus, science is entering into the decision-making process mostly
through policy, rather than directly through the input of individu-
als, irrespective of their position in the management hierarchy.
While this kind of high-level coordination may be necessary to
maintain uniformity and to avoid institutional memory loss that
results when individual employees leave the program, it tends to
slow down the uptake of new scientific information, as new knowl-
edge cannot be used in decision making unless policy is updated.
This challenge of integrating scientific knowledge into practice is
not unique to the WfW program, as it has also been discussed in
relation to other fields of environmental management (Failing
et al., 2007; Raymond et al., 2010). It has been suggested that the
key to overcoming this challenge lies in the integration of science
and management, rather than having scientific findings being
imposed onto management at the end of research projects
(Milner-Gulland et al., 2010). One way of doing this would involve
a transdisciplinary approach (Apgar et al., 2009), where the formu-
lation of research questions would take place in collaboration with
practitioners and managers, so that research is user-inspired and
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program, as demonstrated by the lengthy relationship between
the program and the CIB, as well the recent formation of a
research advisory panel. Likewise, the identification of problems
and design of potential solutions by environmental managers and
practitioners should be done in collaboration with scientists.
4.2. The need for practicable scientific evidence
Although there is a plethora of literature on the management of
IAPs, most publications focus on furthering knowledge of IAS,
rather than on implementing that knowledge (Esler et al., 2010).
This research-implementation gap has been discussed in the aca-
demic literature (e.g. Roux et al., 2006; Sunderland et al., 2009),
but also emerged as an issue in the data we collected, as illustrated
by the following words of a frustrated practitioner:
What happens is, the guys will have a whole paper, a 50-page
document, where they’ve done all the research, all the calcula-
tions. Remember, if you are an operator, if you are. . . call it a
doer, you want to implement it. You are not really interested
in all the stuff in-between. [. . .] Now you need to write up a sort
of an operating procedure on how to put that result into prac-
tice. How are we going to change our day-to-day approach to
be able to [. . .] do what the researcher thinks we must do?WfW’s research strategy and action plan (WfW, 2005) empha-
sises the need to invest most of the program’s research funding
at a level where the knowledge generated through basic research
is translated into technologies which managers can then apply to
solve the types of problems they face. A brief review of research
articles published in a special issue of the South African Journal
of Botany (see Esler et al., 2008) shows a trend towards the realisa-
tion of this principle. Several articles in the issue make recommen-
dations and even propose tools that can be used to improve the
program (see Holmes et al., 2008).
An alternative way to address the research–implementation
gap is through in-house generation of evidence. Evidence-based
practice often places emphasis on the need to obtain (external) evi-
dence, thereby essentially downplaying the potential value of gen-
erating evidence internally. A laudable strength of the WfW
program is that it has, at least in part, followed the latter approach:
through solicited research and the scientific partnerships that have
been forged over the years, the program has been growing a body
of evidence specifically suited to its needs. This is an example of
user-inspired and user-relevant science, the aim of which is to pro-
mote effective on-the-ground management (Salafsky et al., 2002;
Milner-Gulland et al., 2010). Additionally, making the evidence
accessible to the wider public through scholarly publication
increases its potential contribution to the global field of IAP man-
agement. Esler et al. (2010) point out the paucity of such local
and regional scale research in invasion biology literature and
emphasise the need for it in bridging the knowing-doing gap.
4.3. The need for science uptake at individual level
The program’s herbicide policy clearly states that ‘‘Working for
Water management shall be responsible for determining areas and
species to be controlled [...and] appropriate methods of chemical
control’’. Thus, the few senior managers of the program who make
major decisions on what, where and how to clear, are the ones who
engage with scientists. Decisions are then communicated to junior
staff via various avenues. For example, project managers undergo
regular training to familiarise themselves with new developments
in the program. A negative consequence thereof is a lack among
junior staff of an understanding and/or appreciation of the sciencebehind the practice, which is reflected in respondents’ statements,
such as ‘‘My personal observation over the years is that sometimes
the science of the work that we do is being portrayed as being aloof
to, or rather at a higher level for a mere project manager to under-
stand’’; and ‘‘We get, you know, this thing stipulated to say ‘this is
what you must do’’’. This construction of the exclusivity of science
has the potential to jeopardize the adoption, at the operational
level, of what are perceived to be imposed scientific advances.
Indeed, sentiments such as ‘‘biological control takes away the jobs
for the previously disadvantaged people’’ (see also van Wilgen
et al., 2012) highlight the potential negative effect limited scientific
awareness among some program staff can have on the program’s
effectiveness.
The employment-creation objective of the WfW program could
conceivably lead to the appointment of people who lack adequate
scientific training. Bayliss et al. (2012) have argued that low lev-
els of scientific literacy and the intellectual demands of accessing
and using scientific information may prohibit the use of scientific
information in conservation practice. Thus, considering that the
management of IAPs is largely a scientific endeavour, a certain
level of scientific literacy should be a prerequisite for functioning
effectively as a manager in the program. Alternatively, the pro-
gram should encourage a culture of formal scientific training for
its employees (Cook et al., 2013). In addition to promoting the
uptake of science-based policy, widespread scientific literacy
could help increase WfW’s capacity for collecting and appraising
scientific evidence, which is currently severely limited. Thus,
instead of the entire program depending on a handful of scientif-
ically trained top managers to obtain cutting-edge science to
inform policy, a larger number of employees at various levels
would be involved in the acquisition and application of science.
Financial resource constraints, however, could prove to be an
impediment to the large-scale formal training of employees. To
overcome this obstacle, the ongoing partnerships with academic
and research institutions could be exploited further. Whereas lit-
erature on embedded experiences often reports on scientists
being embedded in management agencies (Cook et al., 2013;
Jenkins et al., 2012), the approach can be reversed, with junior
employees of WfW participating in targeted research activities
for short periods to gain a better understanding and appreciation
of the science that informs the practice.5. Conclusions
Given the complexities inherent in IAP management, which
result from the ecologically dynamic nature of invasion, combined
with the human dimension of management, a full understanding of
the decision-making processes in IAP management requires social
scientific research (Cowling and Wilhelm-Rechmann, 2007).
Through such an exercise we have demonstrated that, while sci-
ence can inform practice to potentially improve effectiveness,
social and organizational arrangements can limit the use of science
in decision making. For example, the hierarchical management
structure of WfW renders science the concern only of people in
senior management positions. Human-resource limitations at this
high level of decision making, however, create a bottleneck in
the filtering of scientific information down to the operational level.
We thus recommend scientific capacity building at lower levels of
management, including at an operational level, to supplement the
current top-down approach to the integration of science. We fur-
ther commend the advances that have been made in the program
to generate scientific evidence internally. This approach is impor-
tant in overcoming the science-practice gap, which continues to
afflict the management of natural resources.
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